This Commentary describes how some of the Cleveland Fed's macroeconomic forecasting models have been modifi ed to use a Taylor rule for monetary policy. After briefl y describing the Taylor rule implementation, the article shows that the Taylor rule included in one of our models successfully captures the course of monetary policy in the most recent episode of policy tightening. ISSN 0428-1276 In public discourse on the future course of the federal funds rate, the Taylor rule serves as a very common benchmark. According to the conventional Taylor rule, the target federal funds rate should increase as infl ation rises above target or GDP rises above the economy's potential level of GDP. The Taylor rule is popular for its simplicity-it includes only two variables-and for effectively capturing the history of monetary policy since the late 1980s.
Motivated by the prevalence of the Taylor rule as a benchmark and the potential for the rule to enhance our assessments of appropriate policy, this Commentary describes how some of the Cleveland Fed's macroeconomic forecasting models (see Beauchemin 2011 for a description of one of them) have been modifi ed to use a Taylor rule for monetary policy. These modifi cations require using sophisticated estimation techniques to simplify the federal funds rate equation of the model. After briefly describing the Taylor rule implementation, the article shows that the Taylor rule included in one of our models successfully captures the course of monetary policy in the most recent episode of policy tightening.
Taylor Rule Implementation
While many different versions of the Taylor rule have been proposed, the version originally proposed by John Taylor in 1993 is probably the best known: ffr t = 2 +  t-1 + 0.5( t-1 -2) + output gap t-1
(1)
For the purposes of this analysis, ffr t denotes the federal funds rate in the current quarter; the intercept of 2 captures the normal level of the real interest rate; infl ation ( t ) is measured on a four-quarter basis with the core PCE price index; the infl ation target is assumed to be 2 percent; and the output gap is the percent difference between actual GDP and potential GDP.
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While the form of the rule in equation (1) is very common, there are other versions that are regularly used in research and policy analysis. To make the Taylor rule work effectively in our own forecasting analysis, we adopted some of the modifi cations that other researchers and analysts have proposed. In particular, we use the following form of a Taylor rule:
In this version, for both operational and conceptual reasons, we replace the output gap of equation (1) with an unemployment gap. This gap is defi ned as the long-run normal level of unemployment, currently estimated by Tasci and Zaman (2010) to be about 6 percent, less the actual unemployment rate last quarter (U t-1 ). 2 In many economic models, the unemployment gap is closely related to the output gap: output above potential is associated with unemployment below its long-run or potential level. Operationally, our forecasting models don't naturally yield an output gap, because they do not include the potential level of GDP. However, the models do include the unemploy-
ment rate. It is easier to combine the unemployment rate with an estimate of its long-run normal level to obtain an unemployment gap for the policy rule than to obtain an output gap.
Using unemployment also has some conceptual appeal. Although both unemployment and the output gap are very useful economic indicators, unemployment is more directly linked to the maximum employment component of the Federal Open Market Committee's (FOMC) dual mandate (price stability is the other component).
To ensure our forecasting models provide an effective fi t of historical data on the federal funds rate and other model variables, we modify the Taylor rule to include last quarter's level of the federal funds rate on the right-hand side of equation (2). 3 In models such as ours, which are vector autoregressive and estimated with Bayesian methods, the past level of the federal funds rate has considerable explanatory power for the current level. While this aspect of federal funds rate behavior may refl ect several different forces (see, for example, Rudebusch 2006), one common view is that the FOMC has deliberately chosen to adjust the federal funds rate gradually. A commonly cited reason is that uncertainty about the effects of policy on the economy and uncertainty about the state of the economy warrant the gradual adjustment of policy (see, for example, Bernanke 2004).
The rule of equation (2) takes a form consistent with gradual adjustment. The rule sets the federal funds rate at a weighted average of last quarter's federal funds rate (with a coeffi cient of 0.8) and a medium-term target (with a coeffi cient of 0.2). The medium-term target (the term in brackets on the right-hand side) corresponds to the prescription of the simple Taylor rule without gradual adjustment.
Finally, our Taylor rule of equation (2) refl ects particular choices for the key coeffi cients of the rule-the coeffi cients on the past quarter's federal funds rate, the deviation of infl ation from trend, and the unemployment gap. To make the behavior of policy consistent across our models, we have opted to fi x the coeffi cients at the values shown above instead of estimating them. We chose these values to be consistent with coeffi cients commonly used in other studies, often on the basis of Taylor rule estimates. In particular, we set the coeffi cient on last quarter's federal funds rate at 0.8, consistent with estimates in such studies as Rudebusch (2006) . The coeffi cient on the deviation of infl ation relative to the target is set to 0.5, the value originally proposed in Taylor (1993), which remains a standard in other work with Taylor rules. We set the coeffi cient on the unemployment gap at 2.0, on the basis of recent estimates of unemployment-based Taylor rules (see Rudebush (2009) To obtain these prescriptions, we use the model to generate a forecast of the federal funds rate over the period. The forecast is conditioned on the actual values of all of the other variables in the model, including infl ation and the unemployment rate. The model, as mentioned above, is a vector autoregressive model, and the variables include GDP growth, the unemployment rate, core PCE infl ation, headline PCE infl ation, the spread between the BAA corporate bond yield and the 10-year Treasury yield, and the federal funds rate.
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The forecast corresponds to the path the federal funds rate would have most likely followed (according to the model), given the evolution of infl ation, unemployment, and other model variables from 2004 through 2006. 6 The estimated path takes into account the historical interaction among the federal funds rate and all the other variables of the model.
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If the rule were to perfectly describe the FOMC's policy decisions during the period, the forecasted federal funds rate would coincide exactly with the actual federal funds rate. Of course, we don't expect the rule to perfectly capture policy. Rather, we want to be sure the rule yields a funds rate forecast that is reasonably close to the actual path of the federal funds rate.
The results of the experiment confi rm that the version of the Taylor rule incorporated in the forecasting model does a reasonably good job of capturing policy during the 2004-2006 episode (fi gure 1). 8 The policy rule in the model yields a path similar to actual policy-broadly, a steady, substantial tightening of policy in response to increases in infl ation and reductions in unemployment. In late 2003, with core infl ation well below 2 percent and the unemployment rate down only slightly from its post-recession peak (and the economy still in a jobless recovery), policy was highly accommodative, with a federal funds rate target of 1 percent. As infl ation picked up and unemployment declined in 2004 (fi gure 2), the FOMC began to gradually raise the federal funds rate. The Committee continued to steadily increase the federal funds rate in 2005 and 2006, as core infl ation continued to drift up and unemployment trended down.
While the forecasted federal funds rate is above the actual funds rate for much of the period, the gap is small. In particular, it is well within the 50 percent confi dence bands that refl ect the historical uncertainty surrounding the predictions of the federal funds rate.
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In light of the prominence of a simple Taylor rule without gradualism as a benchmark for appropriate policy, it makes sense to check how using a rule without gradualism in our forecasting model would fare in capturing policy during this episode. For this purpose, we modify the Taylor rule of equation (2) to make the coeffi cient on the lagged federal funds rate zero (instead of 0.8) and the coeffi cient on the term in brackets 1.0 (instead of 0.2). We then re-estimate the model with this rule and generate a new forecast of the federal funds rate, conditioned on the course of infl ation and unemployment (and other model variables) from 2004 through 2006.
As fi gure 3 shows, this rule without gradualism yields a poor fi t of the historical path of monetary policy. 10 The forecasted path of policy is much higher than the actual path, with the actual path of the rate actually falling below even a 70 percent confi dence interval around the model-implied path.
11 This fi nding confi rms the need for including past federal funds rates in a Taylor rule (as we do in equation (2)) in models like ours.
That said, a simple Taylor rule in the form of equation (1) could be more effective as a guidepost when forecasts of future infl ation and unemployment are plugged into the rule, in lieu of infl ation and unemployment rates from the most recent quarter. The reason is that forecasts are inherently less variable than actual infl ation and unemployment. But such a forecast-based version of the rule is diffi cult to use in vector autoregressive forecasting models like ours.
Conclusion
Drawing on other research that has found that past monetary policy can be accurately captured with a Taylor rule, this Commentary describes how we have modifi ed some of our forecasting models to implement a Taylor rule. As one example, the rule does an effective job of capturing the tightening of policy during the 2004-2006 period. Looking ahead, we expect the rule to be a useful guidepost in our forecasting and policy analysis. More commonly, the Taylor rule is written in terms of infl ation and the output gap in quarter t. However, in forecasting models like ours, a rule with such timing is diffi cult to use, partly for technical reasons and partly due to the lags in data publication. To simplify presentation, the rule is presented in its model-usable timing at the outset of this analysis.
2. While the long-run unemployment rate is treated as constant to simplify exposition, there is reason to think the long-run rate will change over time. The forecasting model used in this Commentary treats the long-run rate as timevarying and uses a historical time series estimate from Tasci (2010) to measure it.
3. While empirical estimates of some models suggest a need for two lags of the federal funds rate, in our model, allowing a second lag does not appear important to model fi t.
4. Okun's law implies that the unemployment gap coeffi cient should be about double what the output gap should be. Based on this rule of thumb, Taylor's (1993) original parameterization of the Taylor rule in equation (1) implies an unemployment coeffi cient of 1.0. Our doubling of the coeffi cient is consistent with Taylor's (1999) formulation of the rule and recent empirical estimates of unemploymentbased rules.
5. The model is patterned on Clark's (2011) specifi cation of a vector autoregression with a steady state prior, which includes a normal-diffuse prior. A very tight prior on the coeffi cients of the model's federal funds rate equation is used to restrict the reaction function to take the form of equation (2).
6. While it would be simpler to check the prescriptions of the Taylor rule by plugging actual values of infl ation and unemployment into the rule without the conditional forecasting, such an exercise would make it more diffi cult to assess the consistency of the rule with the entire path of policy, due to the presence of the lagged federal funds rate in the rule. The conditional forecasting exercise also offers the advantage of providing a natural way to estimate confi dence paths around the model-implied path.
7. A simpler exercise would consist of just plugging infl ation and unemployment into the policy rule to compute the implied federal funds rate in each period. However, such an exercise cannot fully capture the interaction between the federal funds rate and the other variables. In particular, to the extent that the actual federal funds rate deviates from the model-implied setting in a given period, that deviation would have implications for the future evolution of infl ation and unemployment, with implications in turn for the modelimplied path of the federal funds rate.
8. An alternative version of the model that does not restrict the policy rule to the Taylor rule form also does a reasonable job of capturing the path of policy during the episode. It is not our intention to imply that, in vector autoregressive models, imposing a Taylor rule improves model fi t. Rather, we are interested in imposing a Taylor rule for the reasons described early in this article.
9. In this exercise, the uncertainty surrounding the forecasted path of the federal funds rate is due to shocks to the federal funds rate, which refl ect the imperfect ability of the policy rule to completely capture historical policy, and the estimation uncertainty surrounding the estimates of the model's coeffi cients. Statistical uncertainty aside, it is important to note that the analysis abstracts from data revisions. The actual setting of the federal funds rate in each quarter refl ects the data available to the FOMC at that time, while this exercise uses the much-revised data that are available today.
10. The conventional Bayesian measure of model fi t-the marginal likelihood-also indicates the model without gradualism fi ts the data much worse than our preferred Taylor rule specifi cation.
11. Some of the volatility in the model-implied path of the federal funds rate may be spurious, an artifact of the technical diffi culty of imposing so many conditions on the forecast.
